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Abstract 

Background: High-risk strategies would only have a modest effect on suicide prevention within a population. It is 
best to incorporate both high-risk and population-based strategies to prevent suicide. This study aims to compare 
the effectiveness of suicide prevention between high-risk and population-based strategies. 

Methods: A Markov chain illness and death model is proposed to determine suicide dynamic in a population and 
examine its effectiveness for reducing the number of suicides by modifying certain parameters of the model. Assuming 
a population with replacement, the suicide risk of the population was estimated by determining the final state of the 
Markov model. 

Results: The model shows that targeting the whole population for suicide prevention is more effective than reducing 
risk in the high-risk tail of the distribution of psychological distress (i.e. the mentally ill). 

Conclusions: The results of this model reinforce the essence of the Rose theorem that lowering the suicidal risk in the 
population at large may be more effective than reducing the high risk in a small population. 
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Background 

Suicide has become a major public health issue through- 
out the world. About a million people kill themselves 
every year, and more than half of these cases occur in Asia 
[1,2]. It is estimated that about 2.5% of loss of disability- 
adjusted life year (DALY) is due to suicide and deliberate 
self-harm [3]. Suicide is especially a major concern in Asia 
due to its large population size with a relatively high sui- 
cide rate and limited resources in suicide prevention [3,4]. 
In response to the growing concern, different national 
strategies have been implemented in a number of coun- 
tries to reduce the number of suicides and the results are 
somewhat mixed [5], The programs in Australia, Finland, 
Norway and Sweden had little or no impact on reducing 
suicide rates among youth and the general population. 
However, some more promising results have recently ob- 
served in South Korea and Taiwan. There are continu- 
ously debates in identifying cost-effective approaches in 
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preventing suicides. Suicide has traditionally been viewed 
as a mental health issue that is addressed primarily 
through clinical intervention, especially by providing ser- 
vices for the treatment of depression and other mental ill- 
nesses (bipolar disorder, schizophrenia). However, it has 
been suggested that the role of mental illness in suicide 
risk is not as significant as expected, especially in the East 
[1,6-8]. Approximately two-thirds of all people who com- 
mit suicide did not receive any specialist psychiatric care 
in the year before their death [9]. The World Health 
Organization (WHO) and many national suicide preven- 
tion strategies (for example, those in the USA, Austria, 
Australia, Ireland, New Zealand, and the UK) have pro- 
posed a public health approach for suicide prevention, ra- 
ther than treating it as a medical problem only [3,10-13]. 
The public health approach involves three layers of inter- 
vention: universal, selective and indicated. This public 
health approach acknowledges the importance of both 
high-risk and population-based strategies of suicide pre- 
vention, and requires a multi-sector effort to tackle the 
problem at multiple levels: in the community (universal 
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strategies), among specific population subgroups (selective 
strategies), and among those at a particularly high risk of 
suicidal behavior (indicated strategies). The public health 
approach is particularly apt for suicide prevention in 
Asia where mental health services have not been well 
developed and awareness and services for depression 
and mental illness in the community remains inad- 
equate. The Rose Theorem states that a large number 
of people exposed to a low risk may generate more 
cases than a small number of people who are exposed 
to a high risk [14]. 

Here we adopt an illness and death model [15-17] to 
model the transition of suicide risk in the population. 
We make use of the Hong Kong mental morbidity and 
suicide data to illustrate the applicability of this model. 
Some empirical results to demonstrating the effective- 
ness of suicide prevention effort by modifying some pa- 
rameters of the Markov model will be provided. The 
underlying framework of this study is not only applic- 
able to suicide research, but could also be extended for 
other disease prevention purposes and public health 
challenges. 

Methods 

A suicide dynamic model 

We attempt to model the dynamics of suicide rate, using 
a Markov chain type model [15,18]. It is assumed that 
the suicide risk for people with history of mental illness 
is significantly higher than that of the general population 
[19]. Our population model consists of four groups: (i) 
healthy population, (ii) population with mental illness 
considered to be at high risk, (iii) death due to suicide, 
and (iv) death due to other causes (not suicide). Every 
year, we assume a random portion p 2 i of healthy people 
would be diagnosed with mental disease; some of whom, 
p 31 , would die due to other causes (not suicide), while 
P4i would die of suicide. Likewise, P12 of patients would 
recover, and p 32 and P42 would die, respectively, from 
other causes and suicide among the mentally ill. Thus 
our model can be summarized by Figure 1 and the cor- 
responding evolution equation can be written as: 
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Figure 1 An illness and death model without replacment. 



exponentially. Therefore the dynamics of such model is 
not particularly interesting. 

A more interesting model is to assume that the num- 
ber of deaths removed from the population every year is 
to be replaced by newborns as depicted in Figure 2 and 
make sure the dynamic system is always alive. 

Hence, with the replacement we can write down the 
following evolution equation: 
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By replacing of the same number of deaths into the 
healthy stage in order to keep the system alive, it is 
straightforward to verify that the equation 
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which has a unique solution up to a normalization con- 
stant, namely: 
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where w„, x„, y„, z n are respectively the population that 
is healthy, mentally ill, dead people due to other causes, 
and dead people due to suicide, in the n-th year. 

It is easy to see the fate of such a dynamic system. As it 
is a closed system, the dead always remain dead, the total 
living population (healthy + mentally ill) would decay 



Where 7? = (1 + p 31 + p 4 i){pi2 + P32 + ^42) + /> 2 i(l + 
j?32 + P 4,2)1 and Qo is the initial total population size (for 
example, say around 7 million for Hong Kong in 2011). 
In other words, Eq. (3) is the unique equilibrium of the 
dynamic system of people in various stages in the Markov 
model in Figure 2. Furthermore, given the explicit formulas 
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Figure 2 An illness and death model with replacement. 



in Eq. (3), the coefficients of assessing the effects on the 
number of suicides can also be computed by simply taking 
partial derivatives. 

Here, we are particularly interested in the change in 
the suicide number. So we take partial derivatives of z 
with respect to parameters, pg, and evaluate Az of the fol- 
lowing relations. For example, in order to access the change 
of the number of suicides by modifying a unit of p 41 , 
(the proportion of individuals who died from suicide among 
the healthy ones), we can use the following equation: 



And similarly defined for the other parameters, py. 
Results 

Based on the morbidity data of mental illness supplied by 
the Hospital Authority of the Hong Kong Government 
(2012), there were about 150,000 individuals who have re- 
ceived psychiatric service in the government funded hos- 
pitals. And there were about 20,000 new psychiatric cases 
out of the remaining 6.85 million healthy persons annu- 
ally. Based on the Coroner court files it is estimated that 
about 30% of the population have received psychiatric 
treatment and the suicide rate for mentally ill patients was 
estimated to be 250 per 100,000, while the suicide rate 
among the non-psychiatric person is about 8.34 per 
100,000, i.e., a 30 times differential between psychiatric 
and non-psychiatric person, which is quite consistent with 
figures in other countries [20]. The recovery rate from 
mental illness was estimated at 6.67 per 100 persons and 
the overall death rate is about 6.0 per 1000 [21]. Hence, 
the estimated values of the coefficients of py for the Markov 
model in Figure 2 are given as follows: 

P21 = 0.00286 (incidence rate of mentally ill), 

P12 = 0.0667 (incidence rate of recovery among the 

mentally ill), 



P31 = 0.006 (death rate from causes other than suicide 
among the healthy), 

p 32 = 0.012 (death rate from causes other than suicide 
among the mentally ill), 

p 41 = 0.0000834 (suicide rate among the healthy), 
P42 = 0.0025 (suicide rate among the mentally ill), 
and Qn = 7 million in 2012. 

From Eq. (3): then one gets 

w = 0.960 x Q 0 (healthy) 

x = 0.0338 x Q 0 (mentally ill) 

y = 0.00616 x Q 0 (death from causes other than suicide) 
and z = 0.000165 x Q 0 (suicide). 

In other words, the Markov dynamic system suggested 
that the percentage of mentally ill rises from the initial 
stage of 2.14% and stabilizes at about 3.4% of total popu- 
lation in an equilibrium stage, and the risk of suicides 
stabilizes at about 16.5 per 100,000 and the death rate 
from other causes 6.16 per 1,000, which are quite con- 
sistent to the recent figures [21]. 

Suppose that the suicide risk for the healthy population 
can be decreased via a population-wide mental health 
promotion program, say, by 1 per 100,000, then accord- 
ing to Eq. (4), the number of suicide deaths decreases by 
approximately 

= n } nnn x 0.960 x Q 0 = 67.2 
100000 vo 

i.e., a reduction of 67 suicides per year. Correspondingly, 
if the suicide risk for the mentally ill population can be 
decreased by the same amount, 1 per 100,000, then the 
number of suicide deaths decreases by 

Az = 2.3 

The magnitude of the difference is about 30 times 
(67.2/2.3) between the non-mentally ill and the mentally 
ill groups. If the cost of making reduction of risk for 
health and mentally ill is the same, it would lead to the 
same reduction in suicide number for producing 30 
times effects in the mentally ill population with reference 
to the non-mentally ill group. This is due to the relatively 
smaller population size of mentally ill in comparing to the 
healthy population. 

Likewise, the suicide rate for different sets of parameters 
can be computed. Here, we give the number of suicide (z) 
and its changes (Az) against variations of the suicide risks 
of healthy (p 41 ) and mentally ill population (P42), with 
other parameters held constant as above. 

Table 1 shows that there is not much difference in Az 
and Ap 42 under the given scenarios. For every 1 per 
100,000 change in p 41 , the reduction of suicide cases 



Yip ef al. BMC Public Health 2014, 14:625 
http://www.biomedcentral.com/1471-2458/14/625 



Page 4 of 6 



Table 1 Sensitivity analyses of number of suicides 
respective to the parameters of p 41 and p 42 
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(Az) is about 67 people and the magnitude of the difference 
between changing the risk in the healthy versus the 
mentally ill to cause an equivalent reduction in suicide 
numbers {Ap 42 ) is about 30 times (this number would 
be higher when p 42 was surprisingly high). 

Discussion 

The analysis of our model suggested that the effect of re- 
ducing a relatively small suicidal risk for a large population 
is more effective than in reducing suicide risk among 
the mentally ill. The result is consistent with Lewis et al. 
[22] who have shown that high-risk (indicative) strategies 
would only have a modest effect on suicide prevention 
within a population, even if effective interventions could 
be developed, and that the UK government's target for 
suicide reduction was more likely to be achieved using 
population-wide strategies aimed at lowering risk among 
the whole population. In contrast to the high-risk ap- 
proach, a population based approach shall be more 
radical and with larger influence on the general popu- 
lation. As envisioned by Geoffrey Rose, the population 
strategy of prevention seeks to shift the entire popula- 
tion's distribution of "suicide tendency" toward a more 
favorable direction. This includes promoting the men- 
tal health of individuals who are not currently identi- 
fied as being above a cut-point or a threshold for mental 
illness or distress. 



Indeed our model identifies, theoretically, a reduction 
of suicide incidence in the healthy population would be 
more "effective" but in practice, this would only be true 
if it is at least as practicable to reduce the incidence in 
the healthy population as compared to the mentally ill. 
The cost to preventing suicide among mentally ill by in- 
tensive clinical care and management would be high but 
could be more effective in reducing the number of sui- 
cide. However, the impact on reduction of number of 
suicide would still be small as suicide is still a rare event 
despite the excessive suicidal risk among the mentally ill. 
It needs to be at least 30 times more effective than in 
the general population in order to be able to save the 
same number of suicides. Indeed those who suffered 
from mentally ill in our community needs better clinical 
care and treatment but the impact on the number of sui- 
cides would still be limited. Furthermore, there are some 
promising universal programs, for example, restriction 
of means [23], responsible media reporting [24,25] and 
some community based programs [26] have demon- 
strated their effectiveness in reducing suicide numbers 
in the community and the cost is not that expensive. 
However, it does rely on participation and co-operation 
of stakeholders in the community. It is important to de- 
velop and evaluate the effectiveness of some population 
based suicide prevention strategies. Potential effective 
population approaches for suicide prevention have been 
so far understudied. It seems that community based 
support and participation in preventing suicides is not 
only desirable but also essential [27-29]. 

Furthermore, helping to remove stigma about depres- 
sion and mental illnesses at a universal level and improv- 
ing the help-seeking behavior among the needy will also 
be effective [12]. Sometimes it is difficult to demonstrate 
the cost-effectiveness of suicide prevention programs in 
the community. However, the estimated loss of labor 
productivity due to suicide is high; this is partly due to 
the increasing rate of suicide among the young and mid- 
dle aged [12]. Hopefully we shall be able to promote 
more population based suicide prevention projects 
which aim at improving wellbeing and help seeking be- 
havior of the community at large. Properly implemented, 
the Rose theorem illustrates the adage that "an ounce of 
prevention is better than a pound of cure". Figure 3 fur- 
ther illustrates this philosophy: by reducing the suicide 
risk of the population at large (shifting the distribution 
of the suicidal risk of the whole population to the left), 
fewer people would experience a high risk of suicide 
(reduction in the area under the "danger zone"). 

There are a few limitations of this study. First, we as- 
sume there is a one to one replacement of a death by a 
living individual. It is a mathematical assumption that 
allows us to compute the state of equilibrium. It facili- 
tates the computation rather than occurring in real life 
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Figure 3 A schematic representation of the Rose Theorem [13,14]. 



necessarily. Nevertheless, the essence of the results of 
the analysis would not be much affected. Second, the 
results would also depend on the values of pij, which 
could be very different in various countries. Hence the 
results themselves are country specific and may differ 
between contexts. However, the overall effect should 
be similar so long as the relationship between the sui- 
cide rates among the healthy versus the mentally ill is 
in the range we have assumed. Also, our calculations 
do not reflect the differential costing of making a unit 
change of the death rate from mental ill and healthy in- 
dividuals. However, it is likely that the cost to reducing 
a unit of suicide risk among the mentally ill may be 
more expensive than that of healthy ones but their ef- 
fect to reducing number of suicides is still uncertain. 
Our model can be expanded to a formal cost-utility 
analysis if the specific intervention programs for each 
strategy (high risk approach versus population approach) 
could be cost. 

Conclusions 

Suicide rate is unlikely to decline sharply through unidi- 
mensional effort on preventing the mentally ill patients 
from suicide, given their high suicidal risk. A more inte- 
grated approach of mental health service is needed to be 
effective to reducing the number of suicide among the 
mentally ill [28,29] . Furthermore, clinical care for mentally 
ill is labour intensive and on individual base, its effect on 
reducing number of suicides has yet to be established. The 
sensitivity analysis of this model suggests that lowering 



the suicidal risk in the population at large would be more 
effective than reducing the high risk in a small population. 
It underscores the importance of population-based strat- 
egies to suicide prevention. 
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